We propose a new U(1) gauge interaction in the bulk in higher dimensional spacetime, which transmits supersymmetry-breaking effects on the hidden brane to the observable our brane. We find that rather small gauge coupling constant of U(1) bulk , α bulk ≃ 5 × 10 −4 , is required for a successful phenomenology. This result implies the compactification length L of the extra dimension to be L −1 ≃ 2×10 15 GeV for (4+1)-dimensional spacetime. This large compactification length L is a crucial ingredient to suppress unwanted flavor-changing neutral currents and hence our proposal is very consistent with the Randall-Sundrum brane-world scenario.
Here, Φ obs and Φ hid denote superfields in the observable and hidden sectors, respectively.
With the above Kähler potential Eq.
(1) we easily show [6] that all soft SUSY-breaking masses and A terms in the observable sector vanish in the limit of the zero cosmological constant. All gaugino masses in the observable sector also vanish because of the decoupling of the hidden superfield Z from the gauge kinetic function [3] .
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On the contrary, the SUSY-invariant µ term (µHH) naturally arises [9] from the Kähler potential if f O contains f O ⊃ HH, where H andH are chiral superfields of Higgs doublets.
This mechanism [9] produces the SUSY-invariant mass µ of the order of the gravitino mass,
i.e. µ ≃ m 3/2 . This requires the gravitino mass m 3/2 ≃ 100 GeV − 1 TeV for the correct electroweak symmetry breaking. With these gravitino masses the anomaly mediation [3, 10] 1 The no-scale supergravity [7] adopts a specific form f H = Z + Z † , where Z is the superfield responsible for the SUSY breaking. We assume the Kähler potential for the Z field to be of the form f H = Z † Z + · · ·, where the ellipsis denotes higher order terms.
2 The gaugino-mediated SUSY breaking was proposed in Ref. [6] . See also recent works [8] .
generates too small SUSY-breaking masses in the observable sector and hence all SUSY particles in the observable sector except for the Higgsinos and the gravitino remain almost massless.
In this letter we introduce a new U(1) gauge interaction in the bulk to solve the above problem. 3 The U(1) bulk gauge superfield plays a role of messenger between the hidden and the observable branes. SUSY-breaking effects on the hidden brane are transmitted to the observable brane through the bulk U(1) bulk gauge interaction and all of the gauginos, squarks and sleptons in the observable sector acquire suitable SUSY-breaking masses.
It is well known that a similar U(1) gauge interaction is also used as a messenger between the SUSY-breaking and observable sectors in a class of gauge-mediated SUSY breaking models [12, 13] . Thus, it is quite natural to identify the above bulk U(1) bulk gauge interaction with the messenger U(1) m gauge interaction in the gauge mediation models. We adopt a model proposed in Ref. [13] , and interpret it as a low-energy effective theory of the brane world. We then show that rather small gauge coupling α bulk ≃ 5×10 −4 of the U(1) bulk is required for a successful phenomenology. This small coupling is regarded as a consequence
of a large volume of extra dimension. In fact, the result implies the compactification length L of the extra dimension to be L −1 ≃ 2 × 10 15 GeV for (4 + 1)-dimensional spacetime and the fundamental scale M * is determined as M * ≃ 2 × 10 17 GeV to reproduce the
GeV. Such a large compactification length is a crucial ingredient to suppress the flavor-changing neutral currents (FCNC's) and hence our proposal is very consistent with the brane-world scenario of Randall and Sundrum [3] .
Let us first briefly review the gauge mediation model proposed in Ref. [13] . The model consists of three sectors: dynamical SUSY breaking (DSB) sector, messenger sector, and the minimal SUSY standard model (MSSM) sector. The DSB sector is based on a SUSY SU (2) gauge theory with four doublet chiral superfields Q i where i is a flavor index (i = 1, · · · , 4).
Here, we have a global flavor SU(4) F . We assume the following tree-level superpotential introducing six singlet chiral superfields Z and Z a (a = 1, · · · , 5):
where (QQ) and Z are singlets of the SP(4) F subgroup of the flavor SU(4) F and (QQ) a and Z a are five-dimensional representations of the SP(4) F . As shown in Ref. [14] , integration of the SU(2) gauge fields together with Q i and Z a leads to the low-energy effective superpotential
for λ Z > λ, where Λ is a dynamical scale of the SU(2) gauge interaction. 4 We have
, and hence SUSY is broken [16] . We also assume that the fields in the DSB sector are charged under the U(1) m gauge interaction.
The charge assignments of chiral superfields are given by [13] 
Here, the numbers in each parentheses denote the U(1) m charges. The U(1) m charges for Z and Z a are determined such that the superpotential Eq. (2) is invariant under the U(1) m .
We now turn to the messenger sector. It consists of three chiral superfields, The superpotential for the messenger sector is given by
The SUSY-breaking effects in the DSB sector are transmitted to the messenger sector through the U(1) m gauge interaction. As a result, the E andĒ fields obtain positive soft SUSY-breaking squared masses m 2 E and m 2Ē ,
where α m = g 2 m /4π is the U(1) m gauge coupling constant. They generate the following negative soft SUSY-breaking mass squared −m 2 S for the S field through the Yukawa coupling k E SEĒ in Eq. (6) at the one-loop level:
Altogether, the resulting scalar potential is
where η denotes chiral superfields E,Ē, S, d,d, l andl. This potential has a global minimum at
in a certain parameter region [13] . Thus, all the standard-model gauge symmetries are preserved and the SUSY-breaking effects are transmitted to the messenger quark and lepton multiplets through F S .
The soft SUSY-breaking masses for the gauginosg i (i = 1, · · · , 3) and the squarks, sleptons, and Higgsesf in the MSSM sector are generated by integrating out the messenger quarks and leptons as
where c 1 = 5/3, c 2 = c 3 = 1; C 3 = 4/3 for color triplets and zero for singlets, C 2 = 3/4 for weak doublets and zero for singlets, and Y is the hypercharge (Y = Q em − T 3 ). Here, Λ mess is an effective messenger scale defined as
which can be written in terms of the SUSY-breaking scale
We are now at the point of this letter. We consider that the above model is the lowenergy effective theory of the brane world, in which all fields in the DSB sector reside on the hidden brane while the messenger and MSSM sectors are localized on the observable brane.
Then, the U(1) m gauge multiplet should necessarily live in the bulk. Thus, we identify U(1) m with the bulk U(1) bulk . 6 The SUSY breaking on the hidden brane is transmitted to the observable brane by the U(1) bulk gauge and gravitational interactions across the bulk between two branes.
The effective messenger scale Λ mess should be taken at (10 4 − 10 5 ) GeV to induce the MSSM gaugino and sfermion masses of the electroweak scale. On the other hand, the supergravity effects generate simultaneously the µ term and the gravitino mass as discussed in the introduction [9] ,
We should set √ F Z ≃ (2 − 6) × 10 10 GeV to reproduce correctly the electroweak symmetry breaking (i.e. µ ≃ 100 GeV − 1 TeV). It is a crucial point that the above two conditions determine the U(1) bulk gauge coupling constant through Eq. (14) . Assuming the Yukawa coupling constants λ and k E connecting fields on the same brane to be of order one, we 6 We assume that the compactification scale L −1 is sufficiently high as L −1 ≫ Λ.
obtain the U(1) bulk gauge coupling α bulk ≃ 5 × 10 −4 at the scale Λ. Since the running effect of the U(1) bulk gauge coupling is negligible for the matter content in the present model, we find that α bulk ≃ 5 × 10 −4 at the compactification scale of the extra dimension.
For a definiteness, we here assume the (4 + 1)-dimensional spacetime with one extra dimension compactified on the orbifold S 1 /Z 2 . The hidden and observable branes are located at two different fixed points of the S 1 /Z 2 separated by a distance L. In this case, the 5-dimensional U(1) bulk multiplet is composed of a vector field, a Dirac spinor field and a real scalar field, which corresponds to a N = 2 vector multiplet in 4 dimensions. Through an orbifold projection, however, only the 4-dimensional N = 1 vector multiplet of the U(1) bulk can couple to the fields on two branes.
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The 4-dimensional gauge coupling g bulk is obtained from the 5-dimensional coupling g
Assuming that g
bulk is of order one in the unit of the fundamental scale M * , we obtain the following relation:
which shows that the compactification length L is (8πα bulk ) −1 ≃ 100 times larger than the fundamental length scale M −1 * of the theory. This sufficiently suppresses the unwanted FCNC's which would be induced by exchanges of bulk fields of masses around M * [3] .
On the other hand, the gravitational scale M G is given by
Thus, together with Eq. (17), we find that the fundamental scale M * and the compactification scale L −1 are given by
It is very interesting that these values are close to the ones discussed in Ref. [4] .
Several comments are in order. First, the U(1) bulk gauge symmetry is unbroken in the present model so that one of scalar components of the E andĒ fields is completely stable.
This requires the reheating temperature T R of inflation to be lower than the mass of the lightest scalar field of order S ≃ 10 5 GeV, in order for its present energy density not to exceed the critical density of the universe. Second, the dangerous D-term for the U(1) bulk does not appear in the model [13] , since there is an unbroken charge conjugation symmetry defined as
where V bulk is the U(1) bulk gauge superfield. The singlets Z and Z a are assumed to transform properly so that the superpotential Eq. (2) is invariant under the charge conjugation symmetry Eq. (21). This is a consequence of the vector-like structure of the U(1) bulk gauge sector. Third, if there exists a non-Abelian gauge theory in the bulk other than the U(1) bulk , the radius of the extra dimension is stabilized as shown in Ref. [5] . 8 Note that the stabilization is not disrupted by the Casimir energy induced by the SUSY breaking [17] .
Finally, we should stress that the gravitino has a mass of order 100 GeV − 1 TeV in the present model although the mass spectrum of the other SUSY particles is the same as that of the gauge-mediated SUSY breaking models. 9 This leads to an interesting phenomenological consequence. That is, the bino is most likely the dark matter in the present universe while the usual gauge mediation models predict the gravitino dark matter. It is a generic feature [11] of the gauge-mediated SUSY breaking models in which the phenomenologically viable µ term arises from the supergravity effect [9] . We should stress that the Randall-Sundrum 8 The radius can also be stabilized by the mechanism of Ref. [18] , if there are two non-Abelian gauge theories in the bulk which couple to suitable matters on a brane. 9 The B term is of the order of the gravitino mass, where B is defined as L = µBHH + h.c. (H and H are the scalar components of H andH). Thus, the small tan β region may be accommodated in the present model.
brane-world scenario [3] provides a natural solution to the µ problem in a large class of gauge-mediated SUSY breaking models [12, 13] , although we have adopted a specific model in Ref.
[13] to demonstrate our point.
